Abstract-The design of state feedback controller which makes the closed-loop system exponentially stable is studied in this paper for a class of networked control system with time delay and packet dropout. A novel linear discrete time model is proposed which converts the uncertainty of time delay into the uncertainty of parameter matrix. Considering the size of time delay, the networked control system with packet dropout is modeled as an asynchronous dynamical system with rate constraints. Based on TrueTime toolbox, a numerical example is given to illustrate the effectiveness of our results.
I. INTRODUCTION
Feedback control systems in which the control loops are closed through a real-time network are called networked control systems (NCSs). [1] As the NCS operates over communicate networks, the time delay and packet dropout which are often the source of instability of NCS are inevitable in the closed-loop control systems. [2] [3] Therefore, it is necessary to investigate the stability of NCS with time delay and packet dropout. [4] [5] References [6] [7] [8] concentrated on the stability of NCS in continuous time domain. However, it is worth pointing out that nearly all the NCSs in many practical systems are controlled by discrete time controllers. And the time delay intervals studied in the above references are subjected to one sampling period. In fact, they are not always within one sampling period. Based on asynchronous dynamical system, references [9] [10] paid attention to the stability of NCS, but only packet dropout was considered in those papers. We will extend the method to the NCS with time delay and packet dropout.
The paper is organized as follows. In Section II, the networked control system with uncertain time delay is modeled as a discrete time system with uncertain parameters, and the NCS with time delay and packet dropout is transformed into an asynchronous dynamical system (ADS) with rate constraints. Based on Lyapunov stability theory and We consider the NCS with single-packet transmission, clock-driven sensor, event-driven controller, and event-driven actuator. The sampling period is fixed and known. The controller node and actuator node communicate with each other via a network. The delay is during the th sampling period.
In order to improve the system's real-time ability, the data packet will be discarded and be held at previous value once the time delay of this data packet is longer than , where is a given positive number.
Consider a continuous time linear time-invariant system described by:
where are the state vector, input vector and the output of the plant respectively.
are known constant matrices with compatible dimensions. Discretize (2.1) into the following discrete time system during the interval , where is a non-negative integer. We get: 
Applying Theorem 1 where , we can get the following matrix:
We obtain the following values via the LMI toolbox of Matlab satisfying the matrix inequalities in theorem. . Then, the simulation diagram via TrueTime toolbox of the NCS is given in Fig.2 . It is assumed that the initial condition of the state is , and the above controller is used, the plant state responses are illustrated in Fig.3 . V. CONCLUSION For a class of NCS with time delay and packet dropout, a novel linear discrete time model has been presented which transforms the uncertainty of time delay into the uncertainty of parameter matrix. Viewing the NCS as an ADS with rate constraints, based on Lyapunov stability theory and LMI approach, we have designed a state feedback controller which makes the closed-loop system exponentially stable. The numerical example has illustrated the effectiveness of our results.
